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ABSTHACT 

At  hiph  frenufincies,  the  flexural  vibrations  of  a plate  are 
described  very  poorly  by  the  classical  (Lagrange)  theory  because  of 
neglect  of  the  Influence  of  coupling  with  thickness-shear  vibrations. 
The  latter  may  be  taken  into  account  by  inclusion  of  rotatory  inertia 
and  shear  deformation  terms  in  the  equations.  The  resulting  frequency 
spectrum  is  given,  in  this  paper,  for  the  case  of  axially  symmetric 
vibrations  cf  a circular  disk  with  free  edges  and  is  compared  with  the 
spectrjifi  predicted  by  the  classical  theory. 
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Introduction 


Ihe  problem  of  free  Tlbratlons  of  a thin,  Isotropic j elastic y circular 
disk,  of  constant  thickness y was  first  attacked  by  Poisson  (l)^  over  a cen- 
tury ago.  Basing  his  lnv;jstlgatlon  on  the  classical  (Lagrange)  theory  of 
plates y he  obtained  the  lower  frequencies  of  the  axially  symmetric  flexural 
motions  of  sudi  a disk  with  a traction-free  boundary. 

It  is  well  knofwn  that  the  classical  theory  satisfactorily  predicts 
actual  behavior  only  for  the  first  few  flexural  modes  of  motion  of  a plate 
whose  thickness  la  small  In  ccxnparlson  with  Its  other  dimensions.  For  the 
higher  flexural  modes  the  influence  of  coupling  with  the  thickness-shear  mods 
of  motion  becomes  Increasingly  important.  Hence y the  classical  theory y in 
which  this  effect  is  no^  t-oksn  Into  account  y ceases  to  yield  reliable  infoTBia- 
tlon  (2).  In  particular y at  the  frequency  of  pure  thlcknoss-shear  vibration 
of  an  infill Lte  plate  (i.e,y  displacement  constant  In  direction  and  parallel 
to  the  plane  of  the  plate )y  a drastic  change  occurs  in  the  frequency  spectrum 
of  a finite  plate  (3y4)« 

Iho  influence  of  coupling  between  flexure  and  shear  Is  taken  Into  ac- 
count by  Inolusloo  of  rotatory  inertia  and  shear  defoxViation  terms  in  the 
equations.  Ihe  resulting  change  in  the  frequency  spectrum  has  been  given 
previously  for  the  case  of  a free-free  beam  (3 ) and  a class  of  antiDynststric 
modes  of  motion  of  a circular  disk  (4)«  The  present  paper  Cc-ntalns  a dis- 
cussion of  the  sxlally  symmetric y flexural  vibrations  of  a free  dlsky  with 
emphasis  on  behavior  In  the  neighborhood  of  the  thlc'/ness-shear  frequency. 

The  sp>actrum  obtained  with  consideration  of  the  effects  of  rotatory  inertia 
and  shear  deformation  Is  conpjcred  with  that  predicted  by  the  classical  theory, 

^ Nvtmbors  in  piarenthesis  refer  to  Bibliography  at  the  end  of  the  piaper. 
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If  account  is  ta>.en  of  rotatory  inertia  and  shear  deformation)  the 
plate  stress-displacement  relations  in  polar  coordinates,  for  the  axially 
symmetric  case^,  become 

/'3l^  V , ■\ 

-f) 

r) 

If  ) 

--  0 

where  V / >'2-  (i~  V^)  , , 2f  , and  h are  toux^g’s  modulus,  the 

shear  modulus,  Poisson's  ratio,  and  the  thickness,  respectively,  aiid  ny/^ 
The  functions  and  are  related  to  the  radial  and  axial  components  of 
the  displacement  according  to  the  approximations 

1 yf'(r,  t) 

[2] 
z J 

Ug  , the  circumferential  ccanponent  of  the  displacement,  is  zero. 

The  plate  equations  of  motion^,  for  the  present  problem,  are 


f± 

Vr'  F 


^ v\/ 

:r—  -t-  S - ioh  TTZ. 

dr  r i dt 

where  (o  is  the  density  of  the  plate. 


2 These  are  given,  in  the  genei'al  case,  by  Equations  [l]  of  (4). 
^ For  the  general  case,  see  Bqxiatlons  [2]  of  (4)« 
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If  we  now  insert  Equations  [1]  in  fll  we  obtain  the  plate  displacement 
equations  of  motion.  Omitting  the  time  factor  ^ these  become 


( 


JL  ^ 

^ r Jr 


t rj  / , , 

' -iTd  J r 


[i'j 


//  ^'-\d  + (J-  ^ i/  -o 

\c{r  r / r (jr^  r Jr  icyx  / 


Equations  [4]  may  be  uncoupled  by  differentiating  the  second  equation 
once  and  subtracting  the  result  from  the  first  one.  This  procedure  yields 
an  expression  for  y/  in  terms  of  M/  » which)  when  inserted  into  the  second 
of  Eqiaations  [4])  gives  a single  equation  on  JVonly: 


rjr 


dr^ 


j U-  ^ 

r dr 


I 


} w 


^ o 


C5] 


where  ^ 

i f p * 5 ± ] 

5 - d/k>/i  , K--h'-/’z 


The  exi)ressicn  for  \p  in  terms  of  JV  is  given  by 


d . * rJd  ^ (5r  > w 


[6] 


Solution  of  Eoufetions  of  Motion 


Equation  [5l  may  be  solved  for  w by  noting;  that 
W ---  iV,  +- 


wh?re  and  satisfy < respectively,  the  equations 

f i!  i -i  0 

^ dr  r'  dr  - t 


6. 


[7] 


[8] 


Hence,  the  shear  displacement  is  found  to  be 
/ / A / \ <^^2. 


[9] 


where 

(C,  s-‘)" 

Both  of  Equations  [8]  are  Bessel  equations  of  zero  order, 
with  a solid  disk,  their  appropriate  solutions  are 


W,  = ^ f^r) 

K-  KU^r) 


In  dealing 


[10] 


vfhere  arbitrary  constants. 

For  a plate  with  a traction-free  edge,  the  boundary  conditions  are 

l^r  ~ at  r ~ a [11] 


where  a is  tlie  radius  of  the  plate. 

Inserting  Equations  [1],  [9]  and  [10]  in  Equations  [U],  the  boundary 
conditions  become 


L 
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(V,  l)[S^  (S'^a)  4-  Jj  (^la)]  A, 

+ (^2  - ' ) [ \o}  Tr'Y/^a)  + Jj(-^'^a)]  4^-0 

'^1  <?  J'o' (c^a)  + A^<r^  •=  O 


where  primes  indicate  differentiation  with  respect  to  the  argument. 


Frequency  Eou&tion 

The  secular  equation,  governing  the  frequency,  is  obtained  by  setting 
the  determinant  of  Eqvuitions  [12]  equal  to  zero.  The  resulting  equation  may 
be  written  in  the  form 

.6^ 


where 


Ln  t/;  , L-ll  3p/;  - - 


o 


/+  <i 
y 


/j  ^ 


[13al 


'A/ 


It  may  be  observed  that  ^ is  a material  constant,  depending  only  on  Poisson's 
ratio,  while  the  remaining  functions  in  Equation  [13a]  depend  on  the  frequency. 

Since  S.  is  real  for  all  positive  values  of  the  frecuency  , while  <£ 
is  real  or  imaginary,  depending  on  whether  p is  {'renter  or  less  than  p ^ 

I'i  will  be  real  or  inaginary  according  as  ^ p range  p^p  > 

if  we  let  5 = , the  frequency  equation  may  be  transfonr.ed  to  the  more 

convenient  fonr 


^ ^ is  the  frequency  of  the  first  thickness-shear  mode  of  an  infinite  plate. 
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^ , r ^ / V-  \f 

nq  ^ - (•  v)(i^ 

■j  / V- 


[13b] 


[14] 


i/here  Cq^  -.  ( i j--)/l^  l^(x)  i T.(k)  nodified  Bessel  functions 

of  the  first  -tlnd. 

Ve  iney  find  an  explicit  foraula  for  tiv-  frequency  by  means  of  the  rela- 
tion .A ' and  the  exr  re ssi or.s  for  and  which  imiTied lately  follow 

Equation  [5].  Thius, 

r/F  = [i- 

riF  [i  ^ f f '’ ) F^F 

In  add-tion,  frem  the  relation  > we  find 

dih  --  i ( f’/f’)[(!t  V)  /'i(nj)]'  ^ 

dih  --  ^(f/A[('-:V)/^('*}>F  , r^r 

where  d is  the  dif^meter  of  the  disk. 

The  complete  solution  of  the  problem  is  contained  in  Equations  [13] > 
[14],  and  [15].  With  the  value  of  V specified  for  the  material  of  the  plate, 
a choice  of  ,6  or  detem.ines  f j f'  by  Equations  [14] » and  yields  an  in- 
finite set  of  roots  ^ of  Fcoations  [13].  For  the  chosen  ,'3  or  ,3^  each  of 
these  roots  furnishes  a ratio  d/h  through  Equations [ 15] » so  that  there 
results  an  Infinite  set  of  values  of  Jih  corresponding  to  every  value  of 

fIf  • 


[15] 
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The  resulting  curves,  for  i/  - 0,312  (corresponding  to  ^ - 0,283),  are  shown 
in  Fig.  2, 

The  presence  of  the  thickness-shear  mode  is  represented,  in  the  present 
theory,  by  the  rotatory-inertiA  coefficient,  R,  and  the  shear-deformation 
coefficient,  S.  (In  the  sequel,  this  theory  is  referred  to  as  RS  and  the 
classical  theory  as  C).  It  may  be  verified  that  the  secular  eqmtion  of  PS 
(Equation  [13])  degenerates  to  that  of  C (Equation  [17l)  for  the  limiting  case 
R : S - 0 (so  that  cf  , ^ ± ).  Hence  the  curves  of  Fig.  1,  when  ex- 
tended down  to  - O , approach  those  of  Fig,  2 asymptotically.  The  sup- 

pression of  shear  deformation  in  C serves  as  a constraint  which  raises  the 
frequencies,  in  that  theory,  above  those  of  RS.  As  a result,  for  a given  plate, 
RS  reveals  that  there  are  many  more  resonances,  in  a given  frequency  range, 
than  are  predicted  by  C,  For  exaiuple,  for  cj/h  ■=  , there  are  25  res- 
onances in  the  range  O ^ » whereas  C predicts  only  16, 

Furthermore,  in  designing  a plate  to  resonate  at  a certain  frequency, 
in  its  fundamental  mode,  one  would  be  led  to  choose  too  large  a plate  on  the 
basis  of  C,  For  example,  for  0.05»the  diameter  would  be  in  excess 

by  2,6156,  This  discrepancy  increases  with  the  ratio  of  plate  thickness  to 
wave  length  of  mode  and,  hence,  with  the  order  of  the  mode.  For  example,  if 
the  secoT^d  mode  of  the  plate  is  to  vibrate  at  f’/ ^ - 0.05,  the  error  in 
diameter  chosen  on  the  hn.qis  of  n would  be  2,86/6.  The  discrepancies  are 
more  pronoun^jed  at  higher  frequencies.  Thus,  the  error  in  diameter  of  a 
plate  designed,  according  to  C,  to  resonate  at  - 0,1,  in  the  first 

mod'',  is  5»33/t  and,  in  the  second  mode,  5»79/f, 

The  most  striking  difference  between  the  two  theories  occurs  at  fre- 
quenelaa  above  that  of  the  fundamental  thickness-shear  mode,  as  may  be  seen 
from  Figs.  1 and  2. 
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n free,  circular  disk,  illustratinp  results  of  ccupllri(j  of  flexure 
and_thickness-shear.  {d!h  ~ ratio  of  diameter  to  thickness; 
p/P  - ratio  of  resonant  frequency  to  frequency  of  pure  thickness- 
shear  vibration  of  an  infinite  plate  of  thickness  h , -V  - 0.312.) 


vibrations  of 
grange ) theory 


DISTRIBUTION  LIST 


for 

Technical  and  Final  Repoirts  Issued  Under 
Office  of  Naval  Research  Project  NR-064-388.  Contract  Nonr-266(09) 


Administrative.  Reference  and  Liaison  Activities  of  ONE 


Chief  of  Naval  Research 

Department  of  the  Navy 
Washington  25,  D.C. 
Attn:  Code  438 

(2) 

Director,  Naval  Research  Lab. 
Washington  25,  D.C. 

Attn:  Tech.  Info.  Officer 

(9) 

Technical  Libi’ary 

(1) 

Mechanics  Division 

(2) 

Code  3834  (J.  P.  Walah) 

(1) 

Conraandlng  Officer 
Office  of  Naval  Research 
Branch  Office 
150  Causeway  Street 

Boston  10,  Massachusetts  (1) 

CoRimanding  Officer 
Office  of  Naval  Research 
Branch  Office 
346  Broadway 

New  York  13,  New  York  (l) 

Commanding  Officer 
Office  of  Naval  Research 
Branch  Office 
844  N.  Rush  Street 

Chicago  11,  Illinois  (l) 


GENERAL 

Research  and  Development  Board 
Department  of  Defense 
Pentagon  Building 
Washington  25)  D.C. 

Attn:  Library  (Code  3D-1075)  (l) 

Armed  Forces  Special  Weapons  Project 
P.O.  Box  2610 
Washington,  D.C. 

Attn:  Col.  G.  F.  Blunda  (l) 


Commanding  Officer 
Office  of  Naval  Research 
Branch  Office 
1000  Geary  Street 

San  Francisco  24)  California  (1) 

Commanding  Officer 
Office  of  Naval  Research 
Branch  Office 
1030  Green  Street 

Pasadena , California  (1 ) 

Contract  Administrator,  SE  Area 
Office  of  Naval  Research 
c/o  George  Washington  University 
707  22nd  Street,  N.W. 

Washington  6,  D.C.  (1) 

Officer  in  Qiarge 
Office  of  Naval  Research 
Branch  Office,  London 
Navy  No.  100 

FPO,  New  York,  N.Y.  (5) 

Library  of  Congress 
Washington  25,  D.C. 

Attn:  Navy  Research  Section  (2) 


Chief  of  Staff 
Department  of  the  Army 
Research  and  Development  Division 
Washington  25,  D.C. 

Attn;  Chief  of  Res.  euid  Dev.  (1) 


Department  of  Defense 
Other  Interested  Government  Activities 

ARMY 


i 


ARMY  (cont. ) 

Office  of  the  Chief  of  Engineers 
Assistant  Chief  for  Works 
Department  of  the  Army 
Bldg.  T-7j  Gravelly  Point 
Wa^ington  25 y D.C. 

Attn : Structural  Branch 

(R.  L.  Bloor)  (l) 

Office  of  the  Chief  of  Engineers 
Asst.  Chief  for  Military  Construction 
Depeirtment  of  the  Army 
Blog.  T-7,  Gravelly  Point 
Washington  25 y D.C. 

Attn : Structures  Branch 

(H.  F.  Carey)  (1) 

Office  of  the  Chief  of  Engineers 
Asst.  Chief  for  Military  Operations 
Department  of  the  Army 
Bldg.  T-7y  Gravelly  Point 
Uhdiingtan  25 y D.C. 

Attn:  Structures  Development  Branch 

(W.  P.  Woollard)  (l) 

Engineering  Research  & Development  lab. 

Fort  Belvoiry  Virginia 

Attn:  Structures  Branch  (1) 

The  CoDBoandlng  General 

Sandla  Basey  P.O.  Box  5100 

Albuquerque y New  Mexico 

Attn:  C^.  Canterbury  (l) 

Operations  Research  Officer 
Department  of  the  Army 
Ft.  Lesley  J.  McNair 
Ukshington  25 y D.C. 

Attn:  Howard  Brackney  (1) 

Office  of  Chief  of  Ordnance 

Research  & Development  Service 
Department  of  the  Army 
The  Pentagon 
Washington  25 y D.C. 

Attn:  ORDTB  (2) 

Connanding  Officer 
Ballistic  Research  laboratory 
Aberdeen  Proving  Ground 
Aberdeen y Maryland 

Attn:  Dr.  C.  U.  Lamps on  (l) 


ARMY  (cont. ) 

Commanding  Officer 

Watertown  Arsenal 

Watertown y Massachusetts 

Attn:  Laboratory  Dlvisicai  (1) 

Commanding  Officer 

Frankford  Arsenal 

Philadelphia  y Pennsylvania 

Attn:  laboratory  Division  (1) 

Commanding  Officer 
Squler  Signal  Laboratory 
Fort  Monmouth y New  Jersey 
Attn:  Components  and  Materials 

Branch  (l) 

NAVY 

Chief  of  Bureau  of  Ships 
Navy  Department 
Washington  25y  D.C. 

Attn:  Director  of  Research  (2) 

Director 

David  Taylor  Model  Basin 
Washington  7y  D.C. 

Attn:  Structiiral  Mechanics  Dlv.  (2) 

Director 

Naval  Engr.  Experiment  Station 
Annapolis y Maryland  (1) 

Director 

Materials  laboratory 

New  York  Naval  Shipyard 

Brooklyn  ly  New  York  (1) 

Chief  of  Bureau  of  Otrdnance 

Navy  Department 
T.r.  ..V  4 oz  n P. 

Attn:  Ad-3y  Technical  Library  (l) 

Superintendent 
Naval  Gun  Factory 

Waohington  25 y D.C.  (1) 

Naval  Ordnance  laboratory 

White  Oaky  Mar^'land 

RFD  ly  Silver  Springy  Haryiam 

Attn:  Mechanics  Division  (2) 

Naval  Ordnance  Test  Station 

Inyokemy  California 

Attn:  Scientific  Officer  (l) 


li 


NAVY  (cont.  ) 

Naval  Ordnance  Test  Station 
Underwater  Ordnance  Division 
Pasadena,  California 
Attn:  Structures  Division  (1) 

Physics  Division  (l) 

Chief  of  Bureau  of  Aeronautics 
Navy  Department 
Washington  25,  D.C. 

Attn : TD-41 > Technical  library  (1 ) 

Naval  Air  Experimental  Station 
Naval  Air  Materiel  Center 
Naval  Base 

Hiiladelphia  12,  Pennsylvania 
Attn : Head , Aeronautical  Materials 

Laboratory  (1) 

Chief  of  Bureau  of  Yards  & Docks 
Navy  Department 
Washington  25 » D.C. 

Attn:  Code  P-314  (l) 

Officer  in  Charge 

Naval  Civil  Engr.  Research  and  Eval. 

laboratory 
Naval  Station 

Port  Hueneroe,  California  (1) 

Superintendent,  U.S.  Naval  Post 
Graduate  School 

Annapolis,  Maryland  (l) 

Commander 

U.S.  Naval  Proving  Grounds 

Dahlgren , Virginia  (1 ) 


AIR  FORCES 
Commanding  General 
U.S.  Air  Forces 
The  Pentagon 
Washington  25,  D.C. 

Attn:  Research  & Development 

Division  (l) 

Conmanding  General 
Air  Materiel  Command 
Wrif^t-Patterson  Air  Force  Base 
Dayton,  Chio 

Attn:  MUREX-B  (E.  H.  Schwartz)  (l) 


AiR  FORCES  (cont.) 

Office  of  Air  Research 
Wright-Patterson  Air  Force  Base 
Dayton,  C2:io 

Attn : Chief , Applied  Mechanics 

Group  (1) 

OTHER  GOVERNMENT  AGENCIES 

U.S,  Atcmiic  Energy  Commission 

Division  of  Research 

Washington,  D.C.  (1) 

Argonne  National  Laboratory 
P.O.  Box  5207 

Chicago  80,  Illinois  (l) 

Director 

National  Bui'eau  of  Standards 
Washington,  D.C. 

Attn:  Dr.  W.  H.  Ramborg  (l) 

U.S.  Coast  Guard 
1300  E Street,  N.W. 

Washington,  D.C. 

Attn:  Chief,  Testing  & Development 

Di'rtsion  (l) 

Forest  Products  Laboratory 
Madison,  Wisconsin 

Attn:  L.  J.  Markuardt  (1) 

National  Advisory  Committee  for 
Aei.’onautics 
1724  F Street,  N.W. 

Washington,  D.C.  (l) 

National  Advisory  Committee  for 
Aeronautics 

langley  Field.,  Virginia 

Attn:  Dr.  E.  Lundqulst  (l) 

National  Advisory  Committee  for 
Aeronautics 

Cleveland  Municipal  Airport 
Cleveland,  Chio 

Attn:  J.  H.  Collins,  Jr.  (l) 

U.S.  Maritime  Cemmission 
TechniceJ.  Bureau 
Washington,  D.C. 

Attn:  Mr.  V.  Russo  (l) 


Contractors  and  Other  Investlgatorp 
Actively  Engaged  In  Related  Research 


Professor  J.  R.  Andersen 
Towne  School  of  Engineering 
University  of  Pmusylirania 
Philadelphia,  Feroisylvania  (l) 

Professor  I^ynn  Beedle 
Fritz.  Engineering  Laboratory 
Lehigh  University 

Bethlehem,  Pennsylvania  (l) 

Profe.sGor  C.  B.  Biezeno 
Technische  Hoogeschool 
Niewe  Laeoi  76 

Delft,  Holland  (1) 

Professor  M.  A.  Blot 
1819  Broadway 

New  York,  New  York  (1) 

Professor  H.  L.  Bisplinghoff 
liassachusetts  Institute  of  Technology 


Dept,  of  Aeronautical  Engineering 
Cambridge  39,  I'iassachusetts  (1) 

Dr.  Hans  H.  Blelch 
Dept,  of  Civil  Engineering 
Columbia  University 

New  York  27,  New  York  (1) 

Profes'or  J.  A.  Bogdanoff 
lurdue  University 

Lafayette,  Indiana  (l) 

Professor  B.  A.  Boley 
Dept,  of  Civil  Engineering 
Columbia  University 

New  York  27,  New  York  (i) 

Professor  P.  W.  Brldgeman 
Dept,  of  Physics 
Harvard  University 

Cambridge,  Massachusetts  (l) 

Professor  D.  M.  Burmlster 
Dept,  of  Civil  Engineering 
Coliimbia  University 

New  York  27,  New  York  (l) 

Dr.  V.  Cadambe 

Assistant  Director  of  the  National 
ihysicai  Laboratory  of  India 
New  Delhi  12,  India  (l) 


Dr.  G.  F.  CaiTier 

Graduate  Division  of  Applied  Mathematics 
Brown  University 

Providence,  Rhode  Island  (1) 

Mrs.  Hilda  L.  Cooper 
150  Ravine  Avenue 

Yonkers,  New  York  (l) 

Dr.  Antoine  E.  I.  Craya 
Neyrpic 

Boite  Postale  52 

Grenoble,  France  (1) 

Professor  J.  P.  Den  Hartog 
Massachusetts  Institute  of  Technology 
Ceimbridge  39,  Massachusetts  (l) 

Dr.  Herbert  Deresiewicz 

Dept,  of  Civil  Engineering 

Columbia  University 

632  West  125th  Street 

New  York  27,  New  York  (1) 

Dr.  C.  0.  Dohrenwend 

Rensselaer  Polytechnic  Institute 

Troy,  New  York  (1) 

Professor  T.  J.  Dolan 
Dept,  of  Theoretical  and  Applied 
Mechanics 

University  of  Illinois 

Urbana,  Illinois  (l) 

Professor  Lloyd  Donnell 
Dept,  of  Mechanics 
Illinois  Institute  of  Technology 
Technology  Center 

Chicago  16,  Illinois  (1) 

Professor  D.  C.  Drucker 
Bro'jp  Ifciiverslty 

Providence,  Rhode  Island  (1) 

Dr.  W.  Eckert 

Watson  Scientific  Computing  Laboratory 

612  West  ll6tli  Street 

New  York  27,  New  York  (l) 

Dr.  H.  Eksteln 
Armour  Research  Foundation 
Illinois  Institute  of  Technology 
Chicago  16,  Illinois  (1) 
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Engineering  Library 
Columbia  (iniversity 

New  York  27,  New  York  (1) 

Professor  E.  L.  Er“x  ksen 

University  of  Michigan 

Ann  Arbor,  Michigan  (l) 

Professor  A.  0.  Eringen 
Illinois  Institute  of  Technology 
Technology  Center 

Chicago  16,  Illinois  (l) 

Dr.  W.  L.  Esmeijer 
Tochnlache  Hoogeschool 
Kiewe  Laan  76 

Delft,  Holland  (l) 

Professor  A.  M.  BVeudenthal 
Dept,  of  Civil  Engineering 
Columbia  University 

New  York  27,  New  York  (1) 

Professor  B.  FYied 

Washington  State  College 

Fuliraan,  Washington  (1) 

Irofessor  K.  0.  Friedrichs 
New  York  University 
Washingtcm  Sqiiare 

New  York,  New  York  (1) 

Professor  M.  M.  Frocht 
Illinois  Institute  of  Technology 
Technology  Center 

Chicago  16,  Illinois  (l) 

Professor  J.  !'<.  Garrelts 
Dept,  of  Civil  Engineering 
Col’ambia  University 

New  York  27,  New  York  (1) 

Dean  J.  A.  Goff 
University  of  Pennsylvania 
Hiiladelphia,  Pennsylvania  (1) 

Mr.  Martin  Goland 

Midwest  Research  Institute 

4049  Pennsylvania  Avenue 

Kansas  City  2,  Missoiiri  (l) 

Dr.  J.  N.  Goodier 
Dept,  of  Mechanical  Engineering 
Stanford  University 
Stanford,  California 


Dr.  L.  E.  Goodraar. 

Dept,  of  Civil  Engineering 

University  of  Illinois 

Urbana,  Illinois  (l) 

Dr.  R.  J.  Hansen 

Massachusetts  Institute  of  Technology 
Dept,  of  Civil  & Sanitary  Engineering 
Cambridge  39,  Massachusetts  (1) 

Professor  R.  M.  Hermes 

University  of  Santa  Clara 

Ser»ta  Clara,  California  (l) 

Professor  G.  Herrmann 

Dept,  of  Civil  Engineering 

Columbia  University 

Now  York  27,  New  York  (1) 

Professor  M.  Hetenyl 
Northwestern  University 
The  Technological  Institute 
Evanston,  Illinois  (l) 

Professor  T.  J.  Higgins 

Dept,  of  Electrical  Engineering 

University  of  Wisconsin 

Madison  Wisconsin  (1) 

Dr.  N.  J.  Hoff,  Head 
Dept,  of  Aeronautical  Engineering 
& Applied  Mechanics 
Polytechnic  Institute  of  Brooklyn 


99  Livingston  Street 
Brooklyn  2,  New  York 

(1) 

Professor  M.  3.  Hogan 
University  cf  Utah 
Salt  Lake  City,  Utah 

(1) 

Professor  D.  L.  Holl 
Iowa  State  College 
Aides,  Iowa 

(1) 

Oz* « Je  H* 

General  Electric  Research  labs. 

1 River  Road 

Schenectady,  New  York  (1) 

Dr.  W.  H.  Hoppmann 
Dept,  of  Applied  Mechanics 
The  Johns  Hopkins  University 
Baltimore.  Maryland 
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Institut  de  Mathematiques 
Universite 
post,  fah  55 
Skoplje,  Yugoslavia 

(1) 

Professor  L.  3.  Jacobsen 
Dept,  of  Mechanical  Engineering 
Stanford  University 
Stanford,  California 

(1) 

Professor  Bruce  G.  Johnston 
University  of  Michigan 
Ann  Arbor,  Michigan 

(1) 

Professor  K.  Klotter 
Stanford  University 
Stanford,  California 

(1) 

PYofessor  W.  J.  Krefeld 
Dept,  of  Civil  Engineering 
Columbia  University 
New  York  27,  New  York 

(1) 

PYofessor  B,  J.  Lazan 
Ptept.  of  Piaterials  Engineering 
University  of  Minnesola 
Minneapolis,  Minnesota 

(1) 

Dr,  E.  H.  Lee 

Division  of  Applied  Mathematics 
Brown  University 
Providence,  lihode  Island 

(1) 

Professor  George  Lee 
Itensselaer  Polytechnic  Institute 
Troy,  New  York 

(1) 

Professor  J.  M.  lessells 
Massachusetts  Institute  of  Technology 
Cambridge  39,  Massachusetts  (l) 

Library,  Engineering  Foundation 
29  West  39th  Street 
New  York,  New  York 

(1) 

Professor  Paul  Lieber 
Dept,  of  Engineering 
Ptensselaer.  Polytechnic  Institute 
Troy,  New  York 

(1) 

Dr.  Hsu  Lo 
i^l^due  University 
Lafayette , Indiana 

(1) 

Professor  C,  T.  G.  Looney 
Dept,  of  Civil  Engineering 
Yale  University 

New  Haven,  Connecticut  (l) 

Dr.  J.  L-  Lubkin 
Midwest  Research  Institute 
4049  Pennsylvania  Avenue 


Kansas  City  2,  Missouri  (l) 

Professor  J.  F.  Ludloff 
School  of  Aeronautics 
New  York  University 

New  York  53 , New  York  (1 ) 

Professor  J.  N.  Macduff 
Rensselaer  Polytechnic  Institute 
Troy,  New  York  (l) 

Professor  C.  W.  MacGregor 
University  of  Pennsylvania 
Philadelphia , Pennsylvania  (l) 

Professor  lawrence  E.  Malvern 
Dept,  of  Mathematics 
Carnegie  Institute  of  Technology 
Pittsburg  13,  Pennsylvania  (l) 

Dr.  J.  H.  Marchant 
Shown  University 

Providence,  Rhode  Island  (l) 

Professor  J.  Marin 

Pennsylvania  State  College 

State  College,  Pennsylvania  (l) 

Dr.  W.  F.  ms  on 

Bell  Telephone  laboratories 

htirray  Hill,  New  Jersey  (l) 


Professor  R.  D.  Mindlin 

Dept,  of  Civil  Engineering 

Columbia  University 

632  West  125th  Street 

New  York  27,  New  York  (15) 

Dr.  A.  Nadai 

136  Cherry  Valley  Road 

Pittsburgh  21,  Pennsylvania  (l) 

Professor  Paul  M.  Na^dl 
Dept,  of  Engineering  Mechanics 
University  of  Michigan 
Atji  Arbor,  Michigan 
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Dept,  of  Civil  Jtt^gineering 
University  of  Ijl^.iDois 
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v-^/ 


Dr.  S.  Raynor 

Armour  Research  Foundation 
Illinois  Institute  of  Technology 
Chicago  16,  Illinois  (l) 


Professor  J^sse 
University  of 

Ann  Arbor,  MicJ’S^m  (1) 

Dr,  W,  Osgood 

Illinois  Institi*te  of  Technology 
Technology  Centei^ 

Chicago  16,  Illli^ols  (l) 

Dr.  George  B.  Peggran 

Coraaittee  on  GoT^mnent  Aided  Research 

313  Low  Memorial  Library 

Columbia  Ihaiversiity. 

New  York  27,  Nev  (l) 

Dr.  R.  P.  Peterseen 

Director,  ApplliCKi  Physics  Division 

Sandia  Laborato!^ 

Albjquerque,  Nev  ifejico  (l) 

Mr,  R,  E.  PBten«oa 

Uestin^ouse  ReM-#m ■,.(«>,  Laboratories 

East  Pittsburg)  Pennsylvania  (1 ) 


Professor  E.  Reissner 
Dept,  of  Mathematics 
Massachusetts  Institute  of 
Cambridge  39,  Massachusetts 

Professor  H.  Reissner 

Polytechnic  Institute  of  Brooklyn 

99  Livingston  Street 

Brooklyn  2.  New  York  (l) 

Dr.  Kenneth  Robinson 
National  Bureau  of  Stsindards 
Washington,  D.G.  (1) 

Professor  M.  A.  Sadowsky 
Illinois  Institute  of  Technology 
Technology  Center 

Chicago  16,  Illinois  (l) 

Professor  M.  G,  Salvadori 

Dept,  of  Civil  Engineering 

Columbia  University 

New  York  27,  New  York  (l) 


Technology 


Dr.  A.  Ihillipa 
Scxiool  of  ®b^gii**’ering 
Stanford  Univenjity 

Stanford , Califo^xnia  (1 ) 


Dr,  F,  S,  liiaw 

Polytechnic  Institute  of  Brooklyn 

99  Livingston  Street 

Brooklyn  2,  New  York  (l) 


Professor  Geraldf  pickett 

Dept,  of  Mechaii^cs 

University  of  '"i^seonsin 

Madison  6,  WiscoQnsin  (1) 

Dr.  H.  Poritzk? 

General  Electria^  Research  Labs, 

£ jhenectady,  Nw,  yori^  (l) 

Dr.  W.  Prag^r 

Graduate  Division  of  Applied  Mathematics 
Brown  Universitjv 

Providence,  Rht^e  Islai^d  (l) 

RAND  Corporatiocri 

1500  4th  Street 

Santa  Monica,  California 

Attn:  Dr,  D.  judd  (l) 


Dr.  Daniel  T,  Sigley 
Applied  Hiysics  Laboratory 
The  Johnr  Hopkins  University 
8621  Georgia  Avenue 

Silver  Spring,  Maryland  (1) 

Dr.  C.  B.  Smith 

Depcurtment  of  Mathematics 

Walker  Hall 

University  of  Florida 

Gainesville,  Plorida  (1) 


Rrofessor  C.  R.  Soderbsrg 
Massachusetts  Institute  of  Technolo 
Cambridge  39,  Massachusetts 


iVofessor  R,  V.  Southwell 
Imperial  College  of  Science  and 
Technology 
South  Kensington 

London  S.W.  7.  England  (1) 


vii 


Contractors  and  Other  lure sti gators  A^tlTelv  Enpaced  in  Related  Research  (cont») 


Professor  E.  St^.mberg 
Illinois  Institute  of  Technology 
Technology  Center 

Professor  E.  Volterra 
Rensselaer  Polytechnic  Institute 
Troy,  New  York 

(1) 

Cliicago  16,  Illinois 

Professor  J.  J.  Stoker 
New  York  University 

(1) 

Mr,  A.  M.  'Wahl 

Westinghouse  Research  laboratories 
East  Pittsburgh,  Pennsylvania 

(1) 

Washington  Square 
New  York,  New  York 

(1) 

Professor  C.  T.  Wang 

? 

\ 

Mr.  R.  A.  Sykes 

Bell  Telepiione  LaVjoratories 

Murray  Hill,  New  Jersey 

(1) 

Dept,  of  Aeronautical  Engineering 
New  York  University 
University  Heights,  Bronx 
New  York,  New  York 

(1) 

Professor  P.  S.  Symonds 
Brown  University 
Providence,  Rhode  Island 

(1) 

Dr.  R.  L.  Wegel 
R?D  2 

Peekskill , New  York 

(1) 

Professor  J.  L.  Synge 

Dublin  Institute  for  Advanced  Studie 

Professor  E.  E.  Weibel 
University  of  Colorado 

School  of  Theoretical  Fnysics 

Boulder,  Colorado 

(1) 

£*4^—65  rferrion 
Dublin,  Ireland 

(1) 

Dr.  Alexander  Weinstein 

Professor  F,  K,  Teichmann 

Institute  of  Applied  Mathematics 
University  of  >faryland 

Dapt.  of  Aeronautical  Engineering  College  Park,  Maryland  (l) 

New  York  University 


University  Heists,  Bronx 

(1) 

Professor  Dana  Young 

New  York,  New  York 

Dept,  of  Mechanical  Engineering 

Professor  S.  P.  Timoshenko 

University  of  Minnesota 
Minneapolis  14,  Minnesota  (l) 

School  of  Engineering 
Stanford  Univex'sity 
Stanford,  California 

(1) 

Dr.  C.  A.  Truesdell 

Graduate  Institute  for  Applied  Mathematics 

Indiana  University 
Blooalngton,  Indiana 

(1) 

Professor  Karl  S.  Van  Dyke 
Department  of  Ihysics 
Scott  laboratory 
Wesleyan  University 
>4iddletown , Connecticut 

(1) 

Dr.  1.  Vlgness 
Naval  Research  laboratory 
Anaeostla  Station 
Washington,  D.C. 

(1) 

Dr.  Leonardo  Villena 
Gran  Via  J.  Antonio  6 
Madrid,  Spain 

(1) 
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